WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification : 
E21B 47/10, 36/04, 47/06, 47A2 



Al 



(11) International Publication Number: WO 00A1317 

(43) International Publication Date: 2 March 2000 (02.03.00) 



(21) International Application Number: PCT/US99/ 19781 

(22) International Filing Date: 25 August 1999 (25.08.99) 



(30) Priority Data: 
60/097,783 



25 August 1998 (25.08.98) 



US 



(71) Applicant (for all designated States except US): BAKER 

HUGHES INCORPORATED f US/US]; Suite 1200, 3900 
Essex Une, Houston, TX 77027 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): WILLIAMS, Glynn 
[GB/GB]; Roman House, Northway, Walworth Industrial 
Estate, Andover, Hampshire SPIO 5QD (GB). NliUROTH, 
David. H. [US/US]; 18305 South 4185 Road, Claremore, 
OK 74017 (US). DALRYMPLE, Larry, Verl [US/US]; 
5650 S.E. Roden Road. Claremore, OK 74017 (US). 

(74) Agents: ROWOLD. Carl, A. et al.; Baker Hughes Incorporated, 
Suite 1200, 3900 Essex Une. Houston, TX 77027 (US). 



(81) Designated States: AL. AM, AT, AU, AZ, BA, BB, BG. BR, 
BY, CA. CH. CN, CU, CZ, DE. DK, EE. ES, FI, GB. GE. 
GH, HU. ID, IL. IS, JP, KE. KG, KP, KR, KZ, LC. LK, LR, 
LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO. NZ, 
PL, PT. RO, RU, SD, SE. SG, SI, SK, SL, TJ, TM, TR. TT, 
UA. UG, US, UZ. VN. YU, ZW, ARIPO patent (GH, GM. 
KE. LS. MW. SD, SL, SZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD. RU. TJ, TM), European patent (AT. 
BE. CH. CY. DE, DK. ES, FI, FR, GB, GR. IE, IT, LU, 
MC, NL, PT, SE). GAP! patent (BF. BJ. CF. CG. CI. CM. 
GA. GN, GW, ML. MR, NE, SN. TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: METHOD OF USING A HEATER WITH A FIBER OPTIC STRING IN A WELLBORE 
(57) Abstract 

The present invention provides a heater cable (10) that may 
be deployed in a wellbore to elevate the temperature of the wellbore 
above the temperature of the sunounding fluid and the formation. 
One or more fiber optic strings are included in or are carried by the 
heater cable. The heater cable carrying the fiber optics is placed 
along the desired length of the wellbore. At least one fiber optic 
string measures temperature of the heater cable at a plurality of 
spaced apart locations. Another string may be utilized to determine 
the temperamre of the wellbore. In one aspect of this invention, 
the heater cable is heated above the temperamre of the wellbore. 
The fluid flowing from the formation to the wellbore lowers the 
temperamre of the cable at the inflow locations. The fiber optic 
string provides measurements of the temperamre along the healer 
cable. The fluid flow is determined from the temperature profile 
of the heater cable provided by the fiber optic sensors. 
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PCT/US99/19781 



METHOD OF USING A HEATER WITH A FIBER OPTIC STRING IN A WELLBORE 

JL Field of the Invention 

This invention relates to utilizing fiber optic sensor strings with heater 
cables for use in oil wells and more particularly for determining the flow of 
formation fluid into the wellbore and to control the operation of the heater 
cables for optimum operations. 

2. Background of the Art 

Heater cables are often used in wellbores to increase the temperature of 
the fluid in the wellbore to prevent the formation of paraffins and to prevent the 
oil froni flocculating. Such phenomena cause at least some of the oil to become 
highly viscous, and often plugs the perforations. Such fluids can clog the 
electrical submersible pumps. Heater cables are also used to heat the formation 
surrounding the wellbores which contain heavy (highly viscous) oil to reduce the 
viscosity of such oil. 

The heater cable usually is a resistance heating element. High current 
supplied from the surface can heat the cable to a temperature substantially 
higher than the formation temperature. In ESP applications, a heater current 
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may be deployed below the ESP. In other production wells, heater cable may 
be installed along any desired portion or segment of the wells. It is desirable to 
determine the fluid flow from various production zones along a wellbore and to 
monitor and control the temperature of the heater cable so as to heat the 
wellbore only as required for optimum recovery and to reduce power 
consumption. 

U.S. Patent 4,435,978 discloses a hot wire anemometer in which heat 
is supplied at a constant rate to a sensor element with fluid flowing past the 
element. The drop in temperature of the sensor element is used to give a 
measurement of the fluid flow. This method accurately measures the flow 
under a variety of flow conditions. 

U.S. Patent Ser. No. 5,551,287 discloses a wireline device in which a 
hot film anemometer deployed on sensor pads measures the temperature of fluid 
entering the borehole. The fluid flowing past the sensor element produces a 
change in resistance that is used in a bridge circuit to give a measurement of 
temperature. This temperature measurement, when combined with a 
measurement of local ambient temperature, gives an indication of the rate of 
fluid flow into the borehole. U.S. Patent 4,621,929 discloses a fiber optic 
thermal anemometer using a sensor element with temperature sensitive optical 
properties. 
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The present invention is an apparatus and method for monitoring the fluid 
flow from a producing well with a plurality of producing intervals. A cable that 
includes a number of fiber optic thermal anemometer sensors is deployed in the 
producing well with the sensors in the vicinity of the perforations in the casing 
or inlets from which fluid from the reservoirs enters the production casing. The 
present invention also provides temperature distribution along the heater cable 
length which Information is utilized to control the operation of the heater cable. 



SUMMARY OF THE INVENTION 



The present invention provides a heater cable that may be deployed in a 
wellbore to elevate the temperature of the wellbore above the temperature of 
the surrounding fluid and the formation. One or more fiber optic strings are 
included in or are carried by the heater cable. The heater cable carrying the 
fiber optics is placed along the desired length of the wellbore. At least one fiber 
optic string measures temperature of the heater cable at a plurality of spaced 
apart locations. Another string may be utilized to determine the temperature of 
the wellbore. In one aspect of this invention, the heater cable is heated above 
the temperature of the wellbore. The fluid flowing from the formation to the 
wellbore lowers the temperature of the cable at the inflow locations. The fiber 
optic string provides measurements of the temperature along the heater cable. 
The fluid flow is determined from the temperature profile of the heater cable 
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provided by the fiber optic sensors. In another aspect of this invention, the 
temperature distribution along the heater cable is used to cntrol the operation 
of the heater cable to maintain the elevated temperature within desired limits. 
The heater cable may be selected turned on and turned off to provide only the 
desired amount of heat. This may be accomplished by selectively turning on 
and turning off the heater cable or by increasing and decreasing the electric 
power supplied as a function of the downhole measured temperatures. 



BRIEF DESCRIPTION OF THE DRAWINGS 



For detailed understanding of the present invention, references should be 
made to the following detailed description of the preferred embodiment, taken 
in conjunction with the accompanying drawings, in which like elements have 
been given like numerals, wherein: 

FIG. 1A shows a portion of a heater cable carrying fiber optic strings 
according to the present invention. 

FIG. IB shows the cable of FIG. 1A deployed in a producing borehole 
that penetrates a number of reservoirs. 

FIG. 2 shows a heater cable deployed in a wellbore being controlled by 
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a control unit as a function of the temperature measurements provided by the 
fiber optic sensors in the cable. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 A shows a portion of a cable 10 according to one embodiment of 
the present invention. It includes a heater cable 20 that carries electrical 
current and is used as a source of heat by means of uniformly dispersed 
resistive elements within a portion of the cable (not shown). The cable also 
includes a pair of fibers 30a, 30b for carrying optical signals down the borehole 
and back up the borehole and for measuring temperature at spaced locations 
along the fibers. 

FIG. IB shows the cable 10 deployed in a producing borehole 50 that 
penetrates a number of reservoirs. For illustrative purposes, three producing 
intervals 40a, 40b and 40c are shown. For illustrative purposes only, each of 
the three producing intervals is assumed to have a uniform temperature of Tq. 
Further, each of the three producing intervals has a different rate of flow, 
denoted by , Q2 # Q3 # of reservoir fluid into the producing well 50. A 

plurality of fiber optic sensors, 60a, 60b, 60c 60n In the cable 10 make 

continuous measurements of temperature at the respective locations. To 
determine the flow rate from the various zones Q1-Q3, a control unit 60 
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provides power to the heater cable 20, to cause it to heat the wellbore 50 to 
a temperature T1 that is significantly higher than To. The fluid flowing from the 
zones 40a-40e, which causes the temperature of the heater cable 20 to drop 
at the flow locations. Under these conditions, the greater the flow rate of fluid 
Q, past a sensor, the greater the temperature of the sensor will drop from T, 
towards Tq. Measurements of temperature of the sensor are used as an 
indication of the flow of the formation fluid into the wellbore 50. 

The control unit 60 receives the signals from the fiber optic strings 30a- 
30b and can be programmed to calculate the fluid flow from each zone. A log 
such as shown by the resultant log 70 may be continuously displayed and 
recorded by the control unit 60. The log 70 shows a temperature profile along 
the well 50. An example of the affect on the temperature curve 80 of the flow 
from zones Q1-Q3 respectively is shown at locations 80a-80c. 

Fig. 2 shows a heater cable 100 made according to the present 
invention, deployed or placed in a wellbore 110 having a casing 112. The cable 
100 includes one or more fiber optic string 120 adapted to measure temperature 
at spaced apart locations Tl-Tn along a segment or portion of the cable 100 
shown by the dotted line. The heater cable 100 is adapted to heat any desired 
segment of the cable. For convenience, the heater cable herein is assumed to 
carry heating elements that heat the segment from Tl-Tn. A power unit 130 
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supplies power to the heating elemeht 111. A control unit 140 controls the 
power unit 130, and an optical energy and data unit 142- 

The heater element 1 1 1 is heated to a predetermined temperature to 
enhance production flow to the surface. The fiber optic string continuously 
provides the temperature profile along the welibore via sensor T1-Tn. If the 
temperature of the cable 100 in the welibore is outside a predetermined norm, 
the control unit 140 adjusts the power to the cable 100 until the heater cable 
temperature provided by Tl-Tn falls back in the desired limits. The control unit 
may be programmed to selectively turn on and turn off the heater cable to 
optimize the power consumption and to enhance the operating life of the heater 
cable. 

The heater cable 100 may be deployed below an electrical submersible 
pump (ESP) when used as shown in Fig. 2 and also above the ESP. The 
temperature distribution Tl-Tn along the heater cable is also useful in predicting 
heater cable 100 failures. It provides indication of hot spots in the heater cable 
and the efficiency of the cable corresponding to the input power. 

Since the current supplied to the heater element 1 1 1 is the same, the 
heat generated by a uniform heater element will be uniform. The temperature 
distribution Tl-Tn can thus provide indication of the quality of the heater cable's 



wo 00/11317 PCTAJS99/19781 

8 

110 performance. 



While the foregoing disclosure is directed to the preferred embodiments 
of the invention, various modifications will be apparent to those skilled in the 
art. It is intended that all variations within the scope and spirit of the appended 
claims be embraced by the foregoing disclosure. 
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1 . A method of determining flow of fluid from a formation into a wellbore, 
comprising: 

providing a heater cable with a fiber optic string adapted to measure 
temperature at selected spaced apart locations along said heater cable; 

placing said heater cable along a segment of said wellbore that is 
receiving fluid from adjacent formation; 

heating the heater cable to a temperature above the temperature of the 
wellbore at said selected segment; 

measuring a temperature profile along said heater cable by said fiber optic 
string; and 

determining from said temperature profile flow of fluid from said 
formation into the wellbore. 

2. The method of Claim 1 further comprising: 

providing a control unit at the surface for receiving temperature 
measurements from said fiber optic string. 

3. The method of Claim 2 further comprising: 

providing a temperature log of said wellbore from said temperature 
measurements. 
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4. A method of controlling the operation of a heater cable deployed in a 
wellbore, said heater cable heating a segment of said wellbore to enhance 
production of fluids through the wellbore, said method comprising: 

providing a heater cable with a fiber optic string adapted to measure 
temperatures at spaced apart locations along said heater cable; 

deploying said heater cable at a selected location in said wellbore; 

providing power to said heater cable to heat the wellbore to a first 
temperature; 

measuring temperature at selected locations by the fiber optic string; and 
adjusting the power to the heater cable as a function of the temperature 
measurements. 

5. The method of claim 4 further comprising providing a control unit at the 
surface, said control unit controlling the supply of power to the heater cable as 
a function of the temperature measurements. 
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